INTRODUCTION
Percutaneous coronary intervention (PCI) is the treatment of choice for the management of ST-segment elevation myocardial infarction (STEMI). First-generation drug-eluting stents (DES) reduced restenosis and the need for reinterventions compared to baremetal stents (BMS).
1,2 However, the higher incidence rates of late thrombosis, 3 mortality and infarction 4 fueled controversy over the implementation of these devices in patients with STEMI, a population with an identified increased risk of stent thrombosis. 5 Second-generation DES with thinner struts, biocompatible polymers, and thromboresistant properties proved to be safe and more effective than first-generation DES and traditional BMS, particularly with significant reductions in angiographic restenosis and unplanned revascularizations of the target injury or culprit artery. 6 The actual clinical guidelines for the management of STEMI recommend the use of new-generation DES. 7 In a combined analysis of the EXAMINATION and COMFORTABLE-AMI clinical trials that compared new-generation DES versus BMS, the use of a DES was associated with increased safety and efficacy at 1 year. 8 In the 2-year follow-up of patients included in the COMFORTABLE-AMI trial, the use of DES was associated with a reduction in a composite of all-cause mortality, follow-up myocardial infarction, and new revascularizations. 9 The results of the 5-year follow-up of the EXAMINATION 10 that compared an everolimus-eluting stent to a BMS showed that the new-generation DES was associated with more survival and less myocardial infarctions at follow-up. 6 Our goal was to analyze the long-term prognostic impact of newgeneration DES in a real-world population of patients with STEMI.
METHODS

Study population
This is a retrospective observational study that included (n = 1499) all consecutive patients admitted due to STEMI who underwent primary percutaneous interventions (PCI) at our center between January 2008 and December 2015. The patients who were not implanted with a stent during the percutaneous coronary intervention (PCI) (n = 131) and those implanted with a bioabsorbable scaffold (n = 11) were excluded. In 24.9% of patients (n = 374), the PCI was conducted with DES implantation in the infarctrelated artery.
The PCI was conducted following the guidelines from the European Society of Cardiology 7, 11 and the decision to implant a DES or a BMS was left to the attending interventional cardiologist clinical criteria. Antiplatelet therapy consisted of acetylsalicylic acid and a P2Y 12 inhibitor (clopidogrel during the early years and ticagrelor, and prasugrel more recently).
Demographic, clinical, echocardiographic, coronary angiography and laboratory data were collected by cardiologists in a computerized database. Both the material used during the PCI and the characteristics of the procedure were included at the time of the PCI by the specialist in hemodynamics and the attending operator. The structured follow-up was conducted using the IANUS electronic health record system (the only one available and mandatory in Galicia, Spain). Events were independently adjudicated by 2 independent cardiologists and when they disagreed, by a third cardiologist.
Definitions
The diagnoses of STEMI and myocardial infarction were established based on the actual clinical guidelines. 7, 12 Ischemia time was defined as the time elapsed between symptom onset and reperfusion (the passage of the guide wire through the culprit artery during PCI). Target vessel revascularization and target lesion revascularization were defined following the ARC (Academic Research Consortium) criteria. 13 Major adverse cardiovascular events (MACE) included all-cause mortality, acute myocardial infarction, heart failure requiring hospitalization and new, unplanned revascularizations. Following the recommendations from the ARC for the study of stent prognosis, a composite goal of major patient-oriented composite endpoint (POCE) of death from any cause, any myocardial infarctions or new unplanned revascularization was included. 13 The deviceoriented composite endpoint (DOCE) included cardiac death, target vessel myocardial infarction and ischemia-driven target lesion revascularization. Definite stent thrombosis was considered as angiographically proven thrombosis.
Study objectives
The main objective of this study was to compare the long-term prognosis of revascularization with DES vs BMS in consecutive patients admitted due to STEMI who underwent PCI. The clinical outcomes were assessed based on all-cause mortality, a composite of MACE, POCE, and DOCE endpoints, and on each component separately. The median follow-up was 1015 days, and the interquartile range (IQR), 400-1800 days.
Statistical analysis
The differences in the descriptive analysis were assessed using the difference of means Student t test and the chi-square test of comparison of proportions, depending on whether the variable was continuous or categorical. To minimize the bias involved when studying the prognostic effect of the DES versus the BMS implant from an observational point of view, a propensity score matching analysis was performed. The variables included in the model were age, sex, body mass index, arterial hypertension, diabetes, dyslipidemia, smoking, ischemic heart disease, time of ischemia, infarct location, culprit artery involved in the infarction, use of glycoprotein IIb/IIIa inhibitors, number of diseased vessels, the glomerular filtration rate, the creatinine levels at admission, the peak troponin I levels, hemoglobin, glucose, heart rate, systolic blood pressure, Killip class, left ventricular ejection Abbreviations BMS: bare-metal stent. DES: drug-eluting stent. MACE: major adverse cardiovascular event. PCI: percutaneous coronary intervention. STEMI: ST-segment elevation myocardial infarction. fraction, GRACE score, CRUSADE score, and year of inclusion in the analysis. An analysis of the variance inflation factor showed no issues of multicollinearity in the variables used (variance inflation factor 1.56 and no variable > 4). The caliper used was 0.25, and the sensitivity-specificity ratio obtained was high (75% area under the curve). No variable had a strong bias, being the average bias, 3.3%. After propensity score matching, no statistically significant differences were seen in any of the variables studied.
The graphs ( figure 1 and figure 2) show the Nelson-Aalen estimate of the cumulative hazard function, and the differences were assessed using the log-rank test. The hazard ratio was calculated using the univariate Cox regression analaysis.
Statistical analysis was performed using the STATA 14 and SPSS 22.0 statistical packages.
RESULTS
Baseline characteristics
The overall study cohort included 1357 patients; 983 patients received BMS and 374 received DES. The patients in the DES group were younger, more frequently males, with a higher body mass index and CRUSADE scores of higher hemorrhagic risk. The patients revascularized with BMS usually had anterior wall infarctions, lower hemoglobin levels, and poor renal function. The total length of the implanted stents was higher in the DES group, and the diameter of the stents was larger in patients with BMS. There were no significant differences in other cardiovascular risk factors, time of ischemia, peak troponin levels, hemodynamic status, Killip class at admission, left ventricular ejection fraction, GRACE score, number of lesions treated, number of stents used, or pharmacological treatment at discharge, with the exception of antiplatelet therapy (table 1) .
The propensity score-matched cohort study consisted of 262 patients of each pair and showed no significant differences in any of the aforementioned variables (table 1) .
Events at follow-up
The events at follow-up are shown on table 2. The overall mortality rate was 16.9% (n = 205). In the overall study cohort, the DES implant was closely associated with lower risk of death from any cause (6.9% vs 12.2%; log-rank test, P < .001); the combined MACE and POCE were also less common in patients treated with DES. No differences were seen in the DOCE, cardiovascular mortality, myocardial infarction, target vessel myocardial infarction, target vessel revascularization, target lesion revascularization or revascularization by another vessel. No Figure 2 . Cumulative incidence curves for POCE and MACE-free survival. BMS, bare-metal stent; DES, drug-eluting stent; MACE, major adverse cardiovascular events; POCE, patient-oriented combined endpoint. (7) 1.9% (5) .686
BMS, bare-metal stent; DES, drug-eluting stent; DOCE, device-oriented composite endpoint; MACE, major adverse cardiovascular events; MI, myocardial infarction; POCE, patient-oriented combined endpoint; TLR, target lesion revascularization; TVR, target vessel revascularization.
differences were seen in definite stent thrombosis at follow-up either.
In the propensity score-matched cohort study, patients who received a DES had a significantly lower all-cause mortality rate (6.7% vs 18.3%; log-rank test, P < .001) and lower incidence rates of MACE and POCE at follow-up (16.8% vs 25.6%, log-rank test, P = .049; 12.6% vs 22.5%, log-rank test, P = .017, respectively). Target vessel revascularization (4.6% vs 8.4%) and target lesion revascularization (4.6% vs 7.6%) tended to drop but were not statistically significant. The DOCE was numerically lower in the DES group. No differences were seen in cardiovascular mortality, myocardial infarction, target myocardial infarction or revascularization by another vessel. Survival curves revealed that both groups diverged over time compared to the beginning of the follow-up, and the differences were significant after five years of follow-up (figure 1). The cumulative incidence curves for MACE and POCE (figure 2) show a similar pattern, although the differences were statistically significant after six years of follow-up in both of them. Finally, no significant differences were observed in the rate of definite stent thrombosis showing both groups low rates of 2.7% in the BMS group and 1.9% in the DES group (log-rank test, P = .686).
DISCUSSION
The results of this study show that in a real-world population of consecutive patients with STEMI who underwent PCI, the use of new-generation DES was associated with a lower overall mortality rate and long-term MACE and POCE and no differences in the incidence rate of definite stent thrombosis. The protective effect of DES was maintained in analyses of the cohort grouped by propensity score matching, where both subgroups had similar distributions of covariates.
Our results indicate that the use of new-generation DES in PCI in patients with STEMI is associated with a prognostic benefit compared with BMS, indicative that they may be the first-choice approach in these patients, which is consistent with the actual recommendations of the clinical practice guidelines. 11 In our study, we saw a reduction in all-cause mortality in the group of revascularized patients with DES, with no differences in cardiovascular mortality. When it comes to reducing the overall mortality rate the protective effect of DES cannot be established directly; however, these findings are consistent with the long-term results of former studies. 10 It is known that the luminal loss of BMS is greater than that of DES. 14 An explanation for this difference in the overall mortality rate may have to do with a higher rate of subclinical restenosis in patients with BMS that could be causing silent ischemia, a reduced ejection fraction and/or a lower coronary flow reserve, which in the event of intercurrent events such as infections, bleeding or cancer, among others, could lead to worse prognosis. The NORSTENT study, 15 a large multicenter trial of 9013 patients randomized to receive new-generation DES or BMS, showed no differences in the composite primary endpoint of allcause mortality or new nonfatal myocardial infarction after 6 years of follow-up. In this study, no differences were found in the overall mortality rate. The population had a lower risk profile compared to our registry: less than one-third of the patients were admitted due to STEMI, and patients with prior percutaneous revascularization, life expectancy below 5 years, on anticoagulant therapy and with bifurcation lesions were excluded. Despite the fact that no differences were found in the primary endpoint, the DES proved their effectiveness which was associated with a reduced need for new revascularizations (16.5% vs 19.8%; P < .001) and target lesion revascularizations (5.6% vs 10.2%; P < .001). Likely due to the small sample size of our study, we saw a statistically nonsignificant tendency towards less target lesion revascularizations and target vessel revascularizations in patients who received DES.
The reduction of POCE in our registry had a similar pattern to the one observed in the 5-year follow-up of the EXAMINATION trial, 10 where the differences favorable to the DES grew progressively bigger during follow-up, being statistically significant from the third year onwards. In the EXAMINATION trial, DES also lowered the follow-up DOCE, being the differences statistically significant after the 3-year follow-up. 10 In our registry the rate of DOCE was similar to that of the EXAMINATION trial at 2 years (≈ 9%); in any case, we only found a numerical reduction of the DOCE, probably due to the lack of statistical power.
The long-term evidence available of DES vs BMS is very limited; most clinical trials that compare BMS to first-generation DES conducted <2 year-follow-up studies, [16] [17] [18] [19] [20] [21] [22] yet usually they showed a greater efficacy of DES at the cost of less new revascularizations of the target lesion, with no differences in other clinical events or survival. Only 2 clinical trials, the EXAMINATION 18 and the COMFORTABLE-AMI, have compared second-generation DESs vs BMS in patients with STEMI, and in both cases a 1-year follow-up was conducted: in the COMFORTABLE-AMI trial, the use of biolimus-eluting stents (BioMatrix; Biosensors Europe SA, Morges, Switzerland) was associated with less new infarctions based on the culprit vessel and ischemia-guided target vessel revascularizations. 23 Similarly, in the EXAMINATION study, the use of an everolimus-eluting stent (Xience V; Abbott Vascular, Santa Clara, CA, United States) was associated with lower target vessel revascularizations and target lesion revascularization rates. 18 In a combined analysis of both studies, the use of DES reduced the POCE which, in turn, led to less target lesion revascularization and a lower risk of infarct-related artery new infarctions. 8 The late catch-up phenomenon (ie, thrombosis or restenosis 1 year after stent implantation) has been described for first-generation DES, which has raised concerns about their long-term efficacy and safety. 24, 25 Compared to BMS, that show maximum intimal hyperplasia at 6 months, 26 first-generation DES show progressive luminal loss after 2 years of angiographic follow-up. 27 Some studies suggest that this effect is also present in new-generation DES. 28 Our results and those from the long-term EXAMINATION study support the hypothesis that the clinical effectiveness of newgeneration DES in terms of increased survival and decreased MACE and POCE is seen during long-term follow-up studies.
Finally, the safety of new-generation DES when it comes to their low rate of definite stent thrombosis, with no differences from BMS being reported, is consistent with what some clinical trials have published on new DES in patients with STEMI. 8, 10, 15 On the timing of stent thrombosis, it is remarkable that there was no very late stent thrombosis among patients who received DES.
Limitations
This was a retrospective observational and nonrandomized study with consecutive inclusion of patients conducted in a single center. Thus, it is the limitations inherent to this type of study that need to be taken into consideration.
To avoid bias and to control the effects of possible confounding factors, propensity score adjustment was conducted; however, the effects of the confounding factors that were not analyzed cannot be precluded. Due to the lack of data on treatment modifications during follow-up, we cannot rule out the possibility that the observed differences may be influenced, at least partially, by treatment. Finally, the existence of the effect of heterogeneity among the different types of DES cannot be precluded either.
CONCLUSIONS
According to our registry, in a real-world population of patients, the implementation of new-generation DES compared to BMS was associated with increased survival rates at long-term follow-up, reductions of MACE and POCE and no differences in definite stent thrombosis.
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WHAT IS KNOWN ABOUT THE TOPIC?
-Despite recommendations from the actual guidelines, the evidence on the long-term outcomes of new drugeluting stents in the management of STEMI is limited and mostly based on clinical trials.
WHAT DOES THIS STUDY ADD?
-The population of this study reflects the management of a real-world STEMI cohort.
-Our results confirm the long-term efficacy and safety of new-generation drug-eluting stents in an all-comers registry
